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SUMMARY

Groundtestshavebeenmadeto determinepilotsi forcecapabilities
ona proposedside-locatedaircraftcontroller,locatedat onesideof
thecockpitandsituatedsothepilottsarmmaybe supported.Theaxes
ofthecontrollerareina planethroughthecenterofthepibttsfore-
armtominimizetheeffectsofaccelerationforces.

Resultsindicatea neutralpositionforthecontrollerat8° to the
rightandl~”forwardofthevertical.Theabilityofthepilotsto apply
forcesinbothdirectionsatvariousanglesofrollandpitchindicateda
usablerangeforthecontroller.At theWits ofdeflectionsuggested
forthecontroller,thetorquecapabilityinthedirectionof increasing
deflectionwasapproximatelyone-halfthemaximumvalue.Thersmgeof
deflectionforrollcontrolwas*45°fromtheneutralpoint.Therange

o
ofdeflectionforlongitudinalcontrolwas*2A fromtheneutralpoint.2
Pilotsparticipatinginthetestsindicatedforcesthattheyconsidered
desirableforoperationoftheside-locatedcontroller.Thisoperational
torqueforthecontrollerisfrom10to 26inch-poundsinrolJandfrom
15to 36inch-poundsinpitbh.Thepilot’ssrmshouldbe extendedslightly
forwardofa W“ elbowangle.Intherangeofdeflectionproposedforthe
controller,therelationshipbetweenmaximumtorque(appliedinthedirec-
tionto increasethedeflection)andcontrollerdeflectionislinear,with
thetorquedecreasinginthedirectionofrotation.

INTRODUCTION

Futurehigh-speedairplanesmayrequireadditionalandmorecomplex
controlequipmentinthecockpitthatmusteitherbe operatedormonitored
by thepilot.Anycontrolsystemthatovertaxesthepilotisundesirable.
Theeaseofthepilotingtaskmustbe maintainedat a reasonablelevel.
Thus,in orderto addnewpilotingtasks,existingtasksmusteitherbe
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simplifiedormadeautcmatic.In orderto addnewequipmenttothecock- -
pit,itseemsreasonablethatexistingequipmentmustbe movedor
redesigned. w

A modificationfromthestandardcontrolarrangementwhichhasbeen
consideredistheuseofa side-locatedcontrollerinsteadoftheconven-
tionalcenterstick.Sucha controllerislocatedat onesideofthe
cockpitandsituatedsothatthepilot’sarmcanbe supported;thusy
theeffectsofaccelerationoncontrolaccuracyarereduced.Thespace
inthecenterofthecockpitcouldbe usedforotherequipment,suchas
radardisplays.Littleinformationexistsastowhatconfigurationsor
operatingrangesaresuitableforproposedside-locatedcontrollers.
Therangeofcontroldeflections,theoperationalandmaximumforcelevels,
andthecontrolsuitabilityassociatedwiththistypeofcontrollerare
desired.

Reference1,whichpresentsdataontheconventionalcentercontrol
stick,isanexampleofthetypeofinformationrequiredforside-located
controllers.Reference2 furnishesa partialinsightonoperatingranges
andmaximumforcespertinentto roll.controlbutgivesno informationon
longitudinalcontrolforces.Additionalpayers,suchasreferences3
and4, dealwithgripconfigurationsandgeneralstren@h,respectively,
withno correlationto thepresentproblem.

.

Thispaperpresentsa limitedamountofdataonpilots’forcecapa- /
biliti.esobtainedingroundtestsofa side-locatedcontroller.Data
wereobtainedfrom11 subjects,referredto aspilotsinthepresentpaper.
Fivewereresearchpilotswhohadhadsomeexperiencewithside-located
controllers,andsixwereresearchengineers,fourofwhomhadpilot
ratings.Forcesweremeasuredinbothroll.andpitch.Theoptimumneu-
tralposition,aswellastherangeofdeflectionsofthehandgripin
bothrollandpitch,wasestablished.

APPARATUSANDTESTS

Theapparatusutilizedto obtaindataforthispaperconsistedof
an aircraftseatanda grip-typehandleattachedto a shaftwhichwas
restrainedattheotherendby a torquewrench.Therollconfiguration
isshowninfigurel(a).Thetorquewrenchwaspositionedona sector
at15°intervalsuptot90°deflection.Torqueswererecordedinboth
directionsforeachgripposition.By rotatingtheshaftandthesector
90°,as showninfi~e l(b),testscouldalsobemadeinpitch.

Foreachpilotthechairwasadjustedsothatthebackandarmrests *
werecomfortable‘andcorrectlyalinedwiththecontrolgrip.Theright
armwasusedforalltests.Twodifferentarmpositionswereemployedto

v
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. determinehowtheywouldaffectthepilot’sforcecapability.Inone
positiontheupperarmwasnormaltothearmrestandformedan angleof
93°attheelbow.Inthesecondpositionthearmwasextendedsothat

.a theincludedanglebetweentheupperarmandforearmwasapproximately
lw”. Throughoutthispaperthesearmpositionsarereferredto as the
go”and130° armpositions.Thearmrestma horizontalandthesubjects
wereinstructedtomaintainthesameerectpositionforalltests.

Forrollmeasurementstheshaftattachedtothegripwasalinedwith
theaxisofthesubJect’sforearm.Thus,thearmandshaftrolledabout
thessmeaxis.Rollingtorquewasrecordedat 150 intervalsthroughk~”
ofgripposition.RolJdatapresentedinthispaperwereobtainedwith
thehandgripina verticalplane.Inaddition,rollforceswererecorded
for7 ofthe11pilotswiththehandgriptiltedforwardandrearwardof
theverticalto determinetheeffectonmaximumforcecapability.

Forpitchmeasurements,theaxisoftheshaftwasnormalto the
pilotlswristapproxhatelyatthepointwherethewristjoinsthehand.
Torquewasrecordedat15°intervalsfrom30° ina pull-updirectionto
600ina push-downdirection.

Thepilotswereinstructedto applythefollowingthreeforcelevels
. tothecontrollerinbothrollandpitch:

(1)Operationalforcelevel- theforcethatthepilotsdeemedcom-
-J fortableforcontinuouscontrolmaneuvers,suchas instrumentorforma-

tionflight

(2)Maximumoperationalforcelevel- theforcethatthepilots
wouldacceptforshortperiodsoftimeandwhichwouldapplyto any
maneuverrequiringmaximumcontrolcapability

(3) Ms.ximumforcelevel- themaximumforcethatthepilotcould
exertat eachpositionofthegrip

Theoperationaltorquelevels(1)and(2)werearbitrarilychosen
by thepilotsas desirableworkinglevels,whereasmsxinnnntorquewasa
measureofphysicalability.Appliedforceswerenotedimmediatelyupon
applicationandagain5 secondslater.A forcelevelthatcouldbe sus-
tainedfor5 secondswasusedforthedataofthisinvestigation.

Foreachtesttheoperationalforcelevelwasmeasuredfirstin
ordertoperservethepilots’feelat thelowertorquelevelssincemaxi-
mumtorquewasinvestigatedasthefinalphaseofeachtest.Also,in
orderto avoidfaultydataduetothetiringeffectsofprolongedtests,
fourtestswerescheduledonfourseparatedaysforthetwoarmpositions
inrollandthetwoarmpositionsinpitch.
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Physicaldimensionspertinentto thesetests,aswellaslimitsof .
deflectioninrollandpitch,wererecordedforeachpilot.Theseare
presentedintableI. DistanceA ismeasuredfrmnthecenterofthe
shoulder-tothecenterofthehandforthe””m”and130° armpositions b
andforthearmextendedat 1-800elbowangle.DistanceB ismeasured
fromthetopofthearmtothearmrestforthe90° and130° armposi-
tions.Abilityto rotatetheunrestrainedcontrollerrightandleftin
rollandforwardandrearwardinpitchwasmeasuredin degreesforthe
$QOand130° armpositions. -

Thestandarddeviationoftheforcesapplied
eachgrippositionwascalculatedby therelation

where y is themeasureddata, ? isthemean
N isthenumberofvaluesata gripposition.

bythe11pilotsat

ofmeasureddata,and

Thepilotswerenotawareoftheirtorqueoutputsduringanyphase
ofthetests.Thetorquewrenchwascalibrated
insureaccuracy.

priortothetests-to .

RESULTSANDDISCUSSION

ForceLevelsandOperatingRangeof

As DeterminedlyTests

Resultsofforcemeasurementsinrollwere
andarepresentedinfigure2. Theforcelevel

Controller

averagedforthe11pilots
suggestedby thepilots

as operationalinrollwasbetween10and12 inch-poundsinthedirection
ofdisplacementforgrippositionsbetweenapproximatelyk~” left and --
600 right.Forthissamerangeofgrippositionsthemaximumoperational ‘=:
torquesinthedirectionofthedisplacementwerebetween20and
26inch-pounds.Thus rolltorquedeterminedfrtithetestswasinthe
rangebetween10 and26inch-pounds.Theaveragesustainedmaximum
capabilityinrollwas 86 inch-pounds,andan individualhighwas
172Inch-pounds.

Sincethemaximumforcelevelvariesovera greaterrangethanthe
otherforcelevels,thecurvesofmaximumrolltorqueshowninfigure2(c)
showthetrendQfforcesclearlyasthegripisrotatedfromsideto side. 3

8



NACATN 4171 5

By shiftingtheoriginoffigure2(c)8°totheright,therolltorques
aremadesymmetricalabouttheneworigin.Thissuggeststhata neutral
positionforthecontroller(wheretheaveragemaximumforcecapabilities
forbothdirectionsofrollareequal)shouldbe 8°to therightofthe
vertical.At thislocationtheaveragemaximumrolltorquethatcould
be sustainedwas70inch-poundsforeitherrightorleftroll.As the
handwasrotatedto eithersideofthisneutralposition,forcecapability
inthedirectionofrotationdecreasedlinearlywhilethatopposingthe
rotationincreased.

Bymovingfromthisneworiginapproximately45°to therightor
leftinroll,theforceabilityinthedirectionofrollwasreducedto
one-halfthemaxhumvalue,whiletheforceabilityopposingtherota-
tionincreased20percent.Thissuggeststhata suitablerangeof opera-
tionforthecontrolleris*45°from8°rightofthevertical.

Pitchdataarepresentedinfigure3. Fortherangeofgripposi-—lo
tionsbetween37E forwardand7~0rearwardofthevertical,theopera-

tionalforcelevelisbetweenapproximately15and21 inch-poundsandthe
maximumoperationalforcelevel(appliedinthedirectionto increasethe
deflection)isbetweenapproximately28 and36inch-pounds.!l%us,pitch
torquedeterminedfromthetestswasintherangebetween15and~ inch-
pounds. Themaximumvalueoftheaveragemaximumforcelevelisapproxi-
matelyin inch-pounds,whereas‘anindividualtorqueof185inch-pounds
wasrecordedduringthetests.Itmaybe seenthatforcesfor.pitchand
rollarecomparableforthistypeof control,whereaspitchforcecapa-
bilitiesforthecentercontrolstickaremuchgreaterthanrollforce
capabilities.

By thesamereasoningusedindeterminingtherangeofthecontroller
inroll,figure3(c)indicatesa neutralpositionforthehandgripat
15°forwardoftheverticalinpitch.A suitablerangeofoperationin
pitchfortheside-locatedcontrollerisapproxhately22~0eitherfor-

.
wardorrearwardofthe15°neutralpoint.

Rolltestsweremadetiththehandgriptilkedforwardandrearward
oftheverticalto investigatethecouplingeffectsofthehandposition
whichwouldbe requiredina climbingordivingturn.As longasthe
planeofrolltorquewaswithinthepitchrangeof*24° frmntheneutral,
theforcecapabilityinrollcomparedfavorablywithtfitobtainedwiththe
stickina verticalplane.

Similarresultswereobtainedinpitchwiththegripinvariousposi-
tionsto therightandleftofthevertical.Therewaslittlelossof
potentialinpitchas longasthegripremainedwithintherangerecom-
mendedforrolloperation.
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DeviationsinData

Standarddeviationswerecalculatedfortheforcesinthedirection
ofthedisplacementandinthedirectionoppositethedisplacementforthe
$K)”andthe130°armpositions.Thesecalculationsresultedinfourstand-
arddeviationcurves,and,sincethesewereaboutthesameforthefour
cases,thestandarddeviationcurvesshowninfigures2 and3 =e the
averageofthesefourcases.

Theaveragestandarddeviationofthemaximumforcecapabilitiesof
the11pilotswasapproximately15 inch-potidsforrolland30 inch-pounds
forpitch.(Seefigs.2(c)and3(c).) Themaximumdeviationwasapproxi-
mately20.inch-poundsforrolland40 inch-poundsforpitch.

Themaximumoperationalforcelevelisimportantindetermininga
torqueatwhichthecontrollerwillcommandfulldeflectionsofthecon-
trolsurfaces.Resultsofthetestsshowagreeableconsistencyinthe
pilotsrchoiceofanacceptablemaximumoperationaltorque.Theaverage
standarddeviationforthislevelwasapproximately8 inch-poundsfor
rolland12inch-poundsforpitch,orapproximatelyone-halfthatatmaxi-
mumeffort.(Seefigs.2(b)and3(b).)

Theaveragestandard“deviationoftheoperationalforcelevelwas
onlyabout5 inch-poundsforrolland10 inch-poundsforpitch. (See
figs.2(a)and3(a).)

Therewerenoappreciabledeviationsinthepilot’sarbitraryexpres-
sionofoperationalormaximumoperationallevelsoftorquefromonetest
toanother.Themaximumforcecapabilityofan individualdidvaryto
somedegreebetweentests,aswouldbe expected.Nevertheless,thedevia-
tioninmaximumphysicalcapabilitywasinno consistentdirectionandwas
nomoreerraticbetweenteststhanduringa test.

EffectofArmPosition

Resultsofpresenttestsindicatethatanyarmpositionintherange
betweenanelbowangleof90°and130°wouldeffectcomparableresultsin
eithera pitchorrollmaneuverwhena side-locatedcontrollerisused.
Anyslightadvantagerealfzedforonearmpositionwiththegripat one
endoftherangebeccnnesa slightadvantagefortheotherarmposition
whenthegripisattheoppositeendoftherange.Thisisevidentin
thepull-upcurvesoffigure3(c),wherethe90°armpositionisstronger
thanthe130°armpositionwhenthegripisina push-downposition,and
thereverseistruewhenthegripisina pull-upposition.A stiihr
effectisshownby thepush-downcurves.Theslightcrossoverofadvan-
tageattributabletom&ing thearmfromthe90°position
tionindicatesthatat someintermediatepositionbetween
advantagedifferentialwouldbeminimizedoreliminated.

tothe130°posi-
90°and130°the
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Correlation

a

BetweenPitch

Configuration

ConfigurationTested

WithshaftAXiS

7

and

ThroughCenterofGrip

Thecontrollerconfigurationutilizedto recordpitchingtorquefor
paperrotatedaboutan axisthroughthepointwherethepilot’s—

wristjoinsthehand. Thisindicateda ~-inch momentarmfromtheaxis

ofthepitchpivottothehandgrip. (Seefig.l(b).) In orderto deter-
1 inchmomentarmonmaximumforcecapabilityminetheeffectofthis2Z-

andhandmovement,additionaltestsweremadewiththepitchaxisthrough
thegrip.

At deflectionsnearthe15°neutralpointforpitch,thehand-centered
axisproducedslightlyhighermaximumpitchingtorque.Neartheextremi-
tiesoftherangeofdeflection,however,theoppositewastrue,andthe
axisthroughthewrist-handjunctureproducedhighertorque.Withthe
forearmstationary,theeffectiveadvantageofthewristaxisetiended
througha greaterrangeofdeflectionsinpitch.Inaddition,translator
forcecouldbe tipartedto thegripwiththewristaxisby liftingor
pushingdownonthegrip,andthisforceincreasesthetorqueofpure
rotationatmaximumdeflection.Sincetheadvantagesofferedatmaximum..m
deflectionaremoreimportant,it isbelievedthatthewrist-axiscon-
figurationusedforthesetestsis superior.

NeedforAdditionalTests

Datapresentedhereinrelateto a singleconfigurationofproposed
side-locatedaircraftcontrollers.Furthertestinganddevelopmentof
thisandotherconfigurationsarenecessary.Simulationofacceleration
forcesandtheverticalandhorizontalvariationofrollandpitchaxes
ofthecontroller,respectively,areexamplesofpossiblefuturestudies
associatedwiththistypeofaircraftcontroller.

CONCLUSIONS

Groundteststo determinepilots’forcecapabilities,whena side-
locatedaircraftcontrollerisused,haveledto thefollowingconclusions:

1.Theforcecapabilitiesofthepilotstestedindicatethattheneu-
tralpositionfortheside-locatedcontrollershouldbe 8° clockwiseand
1~0 fo~d oftheve~ical.

.
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2.Thegrippositionswheretorque capabilityinthedirectionof
rotationisapproximatelyone-halfthemaximumvaluesuggestusablelimits
ofdeflectionforthecontrollerat*45°fromtheneutralpositioninrolJ.

and*22~0fromtheneutrslpositioninpitch.

.

“u

3. Pilotsparticipatinginthetestsconcludedthatthetorqueasso-
ciatedwiththeoperationofthecontrollershouldbe from10to
26inch-poundsin rollandfrmn15to 36inch-poundsinpitch.

4.Thepilot’sarmshouldbe slightlyextendedsoasto formanangle
betweentheupperarmandforearmofbetween90°and130°.

5. Intherangeofdeflectionproposedforthecontroller,therela-
tionshipbetweenmaxhxntorque(appliedinthedirectionto increasethe
deflection)andcontrollerdeflectionis linear, withthetorquedecreasing
inthedirectionofrotation.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August29,1957s
.
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(a) Rollconfiguration. L-57-1332

Figurel.-Equi~entusedtomeasureforces.
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(b)Pitchconfiguration. L57-1331

Figure1.-Concluded.
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